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Abstract 
Air travel has two major issues; plane crashes caused by loss of control and its contribution to pollution. Aircrafts 
could employ a new wing orientation, forward swept wings, which would increase the effectiveness of the rear wing 
set, thereby increasing the control given to the pilot. Other studies suggest that forward swept wings are more 
efficient than the contemporary rear swept wings. If aircrafts became more efficient, then they could fly the same 
distance without consuming as much fuel, thereby decreasing air pollution emissions. This experiment measured the 
efficiency ratio (lift-to-drag ratio) as a proxy for fuel efficiency. I utilized force sensors to measure lift (upward force) 
and drag (frictional force) on 3D printed wing models in order to create the efficiency ratio (lift/drag). This ratio, in turn, 
allows for comparisons of efficiency concerning differing sweep orientations. It was found that forward swept wings 
were more efficient than rear swept wings at subsonic speeds. This warrants future research concerning the fuel 
efficiency of forward swept wings at varying speeds and angles of attack in direct comparison with rear swept wings. 
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Introduction 

General Problem
In 2013, over 8 million people were flying daily and while air travel is a widely utilized mode of transport, it has its fair 
share of problems.1

Two of the major issues with planes are the negative impacts on the environment as well as loss of control (usually 
stemming from pilot error). It has been estimated that aviation in developed countries, such as the United Kingdom, 
generates approximately 13%-15% of greenhouse gas emissions.2

Additionally, plane crashes due to loss of control is another issue and preliminary estimates suggest that private 
planes caused 22 deaths per two million travel hours. This fatality rate is substantially higher than the automobile 
fatality rate; one death per two million travel hours.3 The loss of control that occurs in airplanes has a few 
technological nullifiers, such as winglets and a saw-tooth, which inhibit destabilizing airflow. (Table 1)

Current Nullifiers for Loss of Control
Devices like the winglet are incorporated into aircrafts in order to counter loss of control. However, these devices have 
only a limited effect, and cannot completely alleviate the issue because pilot error is the biggest factor in airplane 
crashes.4 A possible solution to this would be to implement forward swept wings which are a new type of wing that 
addresses the loss of control through a different path of airflow (Figures 1 & 2).
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The Impact on the Environment
Air travel not only emits harmful greenhouse gasses, which accelerate global warming, but the chemistry of jet 
emissions produces an additional warming effect. This is due to the high carbon content that is used within jet fuel, 
unlike many modern fuels used in other forms of travel.5 Jet fuel, like Jet-A, has about 12 carbon atoms per molecule, 
while petroleum, a common base for various fuels, has about five carbon atoms per molecule.5a, 5b Global warming 
is responsible for changes in climate worldwide, leading to the need for radical changes in waste emissions6. The 
issue of carbon emissions could potentially be reduced by the implementation of forward swept wings.15 Due to the 
likely improvements of efficiency, forward swept wings allow for more efficient air travel.15, 16 This means there would 
be a decrease in the fuel consumption necessary for each flight, therefore reducing the amount of carbon emissions 
each flight produces (Figures 3 & 4). While this increase in efficiency may lead to higher demand for flights, thereby 
negating this improvement in efficiency (Jevons Paradox), this outcome would still result in more efficient flight from 
aircrafts. Furthermore, the probability of this outcome is unlikely, due to the history of similar scenarios results.17

Review of Literature
Current Aircraft Type
The most common type of airplane wing is the rear swept wing because of the high efficiency that they provide.7 
Efficiency, as defined in this experiment, is measured as the lift (upward force) divided by drag (frictional force). 
However, rear swept wings, while efficient, have relatively unstable airflow which makes planes much more likely 
to crash due to the loss of control. This instability is not fully corrected through the implementation of stabilizing 
components, such as winglets. The cause of the instability of rear swept wings, have been elucidated in multiple 
studies.8-10

Forward Swept Wings
The forward swept wing is a relatively unexplored option that combines high performance with reliable flight.16 This 
sweep orientation was first manifested at the dawn of modern aircraft during WWII. However, this orientation was 
not used due to the high pressure that was put onto the wings. This pressure, after just a few flights, would critically 
damage the wings of the aircraft, making it unable to fly. Within the past 20 years, the prospect of using forward 
swept wings in contemporary aircraft design has become a viable option,13 as the problem of high pressure was 
alleviated by using a modern composite material that uses fibrous layers, coupled with layered aluminum, to add to 
wing strength.16 Forward swept wings lead air onto the rear wing set, causing for more stability and efficiency.11, 12 
Corrective components, such as winglets, are not required to maintain flight stability in an aircraft that uses forward 
swept wings due to the increased airflow displaced onto the rear wing set. Forward swept wings are predicted to be 
as, if not more, efficient than rear swept wings,15, 16 which means that the forward swept orientation could generate 
more lift and less drag when compared to rear swept wings. With more lift and less drag being generated, the amount 
of fuel consumed would be lowered for flights utilizing the forward swept orientation, thereby resulting in less carbon 
emissions. However, even with more than ten studies focusing of the forward swept orientation, only one focused 
on the efficiency of the forward swept orientation due to the previously noted problem of increased pressure on the 
wings. No studies thus far, focused on the efficiency of forward swept wings in direct comparison to rear swept wings.
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Problem
It is unknown how efficient forward swept wings are in comparison to rear swept wings. One study used a prototype of 
a forward swept craft, and through the process of analyzing the data from that flight, hypothesized that forward swept 
wings could be more efficient than rear swept wings due to the extraordinarily effective flight results gathered by the 
prototype’s flight.16 This study, while finding efficiency data on forward swept wings, still leaves a gap in knowledge 
concerning the efficiency of forward swept wings in direct comparison to rear swept wings.

Goal
The goal of this study is to test and gather preliminary efficiency values for both forward and rear swept wings, directly 
comparing the values. This will be done by testing and gathering data for both forward and rear swept wing types 
through calculating the lift and drag forces simulated via a wind tunnel in order to conclude which orientation of wing 
sweep is more efficient. The impact of these findings may validate the efficiency of such wings and increase its use in 
modern aircraft designs. This would then lead to the alleviation of loss of control during flight, as forward swept wings 
give more control to the pilot through increased airflow on the rear wing-set. Forward swept wings may also reduce 
the negative impact on the environment created by planes, as forward swept wings may be more efficient than rear 
swept wings.

Methods
Introduction to Methodology
In this experiment, six models of a wing were 3-D printed because 3-D printing was the most accessible way to obtain 
customized models. Three of the wings created model forward swept wings and three models represent rear swept 
wings in order to test the efficiency of both swept wing types. The splitting of model orientations allowed for direct 
comparison of each sweep orientation. Of the six wing models, two of each were used at differing sweep angles (one 
sweep angle for each sweep direction). Sweep angles are the angles between the line fuselage/wingtip and the nose 
of the craft (see Figure 5 – Swept Wing Comparison). The sweep angles used were 15o, 25o, and 35o in order to test 
the efficiency for a variety of sweep angles.  Models were used in order to calculate a preliminary estimate of how 
efficient forward swept wings are in comparison to rear swept wings (Figures 5, 6, and 7)

Role of Mentor
The role of the mentor in this project was to guide the student researcher through various challenges within the study. 
For example, the mentor provided important advice in preliminary scaling estimates of model sizes such as the taper 
angle (severity of diminishing thickness) and chord length (length from wing tip to wing root).
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Materials
This experiment utilized a wind tunnel in order to simulate air moving over a wing. The wind tunnel was borrowed from 
(and built by) a neighboring district. The wind tunnel was comprised of a long structure with a fan at one end to inhale 
air create airflow. Air moved from one open side to the other side with the fan creating the airflow at a speed of 8.5 m/s.

This experiment also utilized six different wing models that were designed to simulate swept wings. The models 
were created using AutoCAD 3-D modeling software. The file template was modified in order to fit the dimensions        
12.93 cm x 16.68 cm x 1.61 cm as well as cropped such that there was only one wing printed per model (Fig 4). 

I used force sensors to measure the magnitude of the force exerted from the wings that were attached above and in 
front of the leading edge of the model in order to measure lift and drag. The measurement of lift and drag enabled for 
calculations determining the efficiency of each model.

There was approximately 50 ft of string and six eye-hooks used in this experiment. This string was what comprised 
the suspension system and was what allowed the wings to be suspended in the wind tunnel. The string attached to 
each model on one eye-hook located at the center of balance for each model. 

The suspension system’s concept arose from the concept of measuring a model’s lift and drag values. Contemporary 
systems often utilize a system that uses a clamp-like structure to hold the model in place. However, the clamp used 
would dampen the measurements found by the force sensors because the model would have friction on the sides. If 
the wings were simply floating in the wind tunnel, suspended, then the most accurate readings would be produced. 
Thereby, the concept of the suspension system was created; the system allows for a more accurate measurement of 
lift and drag forces as it does not hinder the forces exerted.

Explanation
Suspension System
The suspension system utilized a vertical string attached above the wing model in order keep to the wing model stable 
in the pitch axis, as well as measure the downward force on the wing. This string also kept the wing model at a constant 
25o angle of attack.

Another string was attached to the leading edge of the craft. This line limited yaw (vertical axis) instability as well as 
measured the frictional force exerted on the wing.

String was also attached to the “Z” axis of the craft, anchored on both sides of the craft. These lines controlled the roll 
direction of the craft (Figures 8 & 9)

Potential Issues
In this experiment, wing data was gathered twice in order to ensure accuracy as well as expand data points. However, 
there was some pitch instability in the first dataset. This was caused by the strings controlling the model because they 
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were only anchored to one point. The second dataset addressed this problem by wrapping the roll string around the 
wing model. The first dataset will not be used for the calculations of results, as the slight oscillation could have mildly 
affected results.

Data Collection (dataset one)
Force sensors were added to the pitch line attached above the wing as well as the yaw line based from the leading 
edge of the wing in order to project the magnitude of the force vectors onto a display located near the wind tunnel. The 
magnitudes could then be recorded for data analysis. Before the wind was turned on, the magnitude for both sensors 
was recorded. Then, when the wind was turned on, data from each sensor was recorded every two minutes for a total of 
ten minutes. At the eleventh minute (one minute past when wind was turned off) another reading of force was recorded. 
This is a similar process to that used in many wind tunnel tests, such as Yu F. Fei and Kuo C. San.15

Data Collection (dataset two)
The procedure for dataset two was precisely the same of that for dataset one, except for the wind on total time and the 
roll string. The wind on total time was doubled to mak twenty minutes with wind. The readings still occurred every two 
minutes, so the data collected was double when compared to the first data set.  The other change with the roll string 
occurred with the way it was attached. With the second data set, the roll string wrapped around the wing model to give 
more stability in pitch due to the fact that the string now spanned the length of the wing model, giving more points of 
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contact to the model and as such stabilizing the movement. The added stability made the data collected more reliable, 
in terms of calculating efficiency, due to the increased consistency of the data (Figure 10).

Data Analysis
The first step of the analysis process starts with finding the difference in lift and was calculated by finding the average 
of the downward force (wind on) and subtracting it from the initial downward force (wind off). The equation modeling 
this calculation is L = gi – ga such that ga is average gravity (downward force) and gi is initial gravity. Then, the change 
in drag must be found by calculating the average of the frictional force (wind on) and then the initial value (wind off) 

must be subtracted from this value. The equation D = da – di such that da is average lateral force and di is initial lateral 
force. Both values (change in lift and drag) should be positive in order to allow easy comparison of the two values 
making the resulting fraction easier to calculate. After the values of the change in lift and drag are calculated, they are 
put into a fraction that consists of lift/drag. The equation modeling this ratio is L/D such that L is lift and D is drag. This 
general efficiency coefficient allows for comparison of every wing tested in this research. A higher value in the lift over 
drag fraction is equivalent to a general higher efficiency at a given speed and angle of attack, both of which were kept 
constant in this experiment.

Results and Discussion 
Overview
The goal of this research was to test and gather preliminary efficiency values for both forward and rear swept wings. 
Dataset 1 was not used in order to calculate the efficiency of forward swept wings due to the fact that the wing model 
oscillated which distorted the force sensor readings. This distortion caused the data collected to not be accurate, as 
it added extra force to the readings of lift and drag. Dataset 2 concluded that the forward swept wing orientation was 
more efficient than rear swept wings at 15o, 25o, 35o. Forward swept wings were found to have a higher lift to drag 
(L/D) ratio at each direct angle comparison (for example: 15o forward swept to 15o rear swept). 

Measuring lift
All tables are simplified with the word “Lift” rather than “Gravity” because the lift measurement, for both wind on and 
off, is actually a measurement of gravity. Lift is then calculated as the difference in gravity, which is then applied to all 
“lift to drag” values (Table 2).

Lift to Drag Values
The “lift to drag” (L/D) values are what define this experiment. These values are the refined data, calculated through 
dividing the force of lift by the force of drag, in which efficiency is measured. Each L/D value is calculated from four 

20  FEB 2019  VOL. 1  ISSUE 1� International Journal of High School Research 



values: gravity (lift with wind off), lift (wind on), calibration drag (tension with wind off), and drag (wind on). Utilizing the 
equations L = gi – ga and D = da – di, change in lift (Δ lift or L) and change in drag (Δ drag or D) were created. These 
values create the efficiency ratio, defined as L/D.

Average Values
All data gathered is summarized by the average L/D value. These values represent the averaging of all gathered L/D 
values for each model. In short, these values represent general efficiency of each model and allow for conclusions to 
be made. If an average L/D value is greater than its comparison, then that model (at 8.5 m/s and angle of attack 25o) 
is more efficient (Table 3).

Analysis of Data
The data collected indicates that forward swept wings are more efficient than their rear swept counterparts at every 
tested angle, given the constant angle of attack of 25o due to the fact that the L/D values are higher for forward 
swept wings. Bonferroni’s Multiple Comparison Test showed that almost every comparison between efficiencies was 
statistically significant. Furthermore, the data shows that forward swept wings are almost twice as efficient as their 
rear swept counterpart at all tested sweep angles (Table 4).
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Comparison to Previous Research
This data differs slightly from many other previous studies in the fact that the L/D values were directly compared 
between forward swept wings and rear swept wings. Previous studies have looked at the efficiency (L/D values) of 
forward swept wings or rear swept wings, but have never made an issue of pollution by utilizing more efficient wings, 
the amount of fuel consumed per flight will decrease, thereby most likely leading to a decrease in carbon emissions. 

Due to the increased efficiency presented by forward swept wings and due to safety issues, the widespread use 
of this wing should be implemented. The added control stems from the flow changes forward swept wings provide, 
leading more air to flow onto the rear wing-set, thereby giving more control to the craft.16 In addition, this is one of the 
only studies that focused on the efficiency of forward swept wings.

Review of Goals
The goal of this study was to test efficiency values for both forward and rear swept wings through creating lift to drag 
ratios and comparing their values at differing angles. This was accomplished by collecting lift to drag ratios for all six 
models. We determined that forward swept models were more efficient.

Conclusion
This experiment was conducted in order to find the efficiency of forward swept wings and compare them to their rear 
swept wing counterparts. This was done through the process of suspending 3D models of wings and measuring the 
lift and drag forces. The readings were then converted into a lift to drag ratio that determined the general efficiency 
of each model. This experiment found that forward swept wings had a higher lift to drag ratio, and therefore forward 
swept wings were shown to be more efficient than rear swept wings. If forward swept wings were to be implemented, 
then aircrafts would decrease the quantity pollutants emitted as well as increase control given to pilots through 
flow changes. Forward swept wings have the potential to be the most efficient wing type, but they have yet to be 
perfected.
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